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ABSTRACT 

This paper describes a new experimental technique with wide application which 
has been proven for corner fires. To measure the flame spread rate of pyrolysis front 
along vertically oriented flat and corner walls, it may be necessary to measure transient 
temperature profiles on the walls. Conventional thermocouple and visual observation 
methods, however, have limitations due to complexity of implementation and the 
inherent ambiguity of visual observations due to interference from flames. To overcome 
these limitations, automated infrared imaging was applied for simultaneously collecting 
temperature data in a relatively large wall surface area. Results indicate that the infrared 
system with a (10.6 + 0.5um) band—pass filter successfully avoids the flame interference 
allowing measurements of temperature distribution on the fire—heated wall, from which 
the spread rate in any direction can be deduced. The infrared camera without filters also 


can be used to measure visible flame position as photographic and video camera. 


INTRODUCTION 

Upward flame spread is a severe phenomenon due to its rapid growth rate and 
radiant emission from the flame [1-8]. Past studies, both experimental and theoretical, 
were focused on upward flame spread over vertical flat walls, where two dimensional 
flame behavior is usually observed and a one dimensional spread rate model is applicable 
with reasonable accuracy [2,3,5]. 

The modeling of upward flame spread along a vertical corner wall, however, 
requires additional considerations due to the transient three dimensional nature of the 
flow pattern which causes complex convective and radiative heat transfer to the wall 
[9-10]. This latter result suggests that a one dimensional flame spread model is no longer 
valid for corner wall fires. 

To predict flame spread rate on vertical corner walls, the detailed temperature 
profile of the wall surface must be understood. Experiments [10] showed that the nature 
of the upward spread along a vertical corner wall is two dimensional, highly transient and 
unstable. Conventional thermocouple techniques, if applied, have limitations due to their 
complexity of implementation, and the uncertainty of pyrolysis temperature (particularly 
for charring materials), as can be seen in previous work [3,4]. Visual observation 
techniques which were previously applied for spread rate measurement [1,3,4] can produce 
ambiguous results in the determination of the transient pyrolysis front location. 

To overcome the limitations associated with these conventional methods, infrared 
radiometry, which is useful for non-contact temperature measurement [11,12], was 
applied with automated image analysis to obtain transient temperature distributions. 
The infrared camera is located away from the fire source and it must measure 
temperature of the wall through the flame. The main difficulty faced is that the wall 
temperature is considerably lower than the flame temperature, and therefore the flame 


radiation causes interference (i.e., the infrared system would detect some intermediate 


flame temperature instead of the wall). Previous application of infrared imaging was 
hampered by this difficulty. 

To obtain a measurement of the wall surface temperature by minimizing the flame 
interference, four different band—pass filters (5, 6, 8, and 10.6 um with a band pass width 
of + 0.5 ym) were applied. Wall fire experiments were performed using a one-half scale 
room corner model designed in our laboratory [10,13] for the study of fire—induced flow. 
To generate relatively stable and controlled temperature condition, Marinite 
(non—combustible) corner walls were heated by either methane, propane or hexane flames 
which provide a constant (in time) heat flux to the wall. The infrared image obtained 
through the 10.6um band—pass filter showed good agreement both with the thermocouple 
data and the infrared image data obtained without flame interference. Based on this, the 
infrared technique was applied to the measurement of upward flame spread. 

To understand the limitations and accuracy of our infrared system, it was applied 
to different flame and wall material conditions; and the effects of flame temperature and 


flame emissivity on the results are discussed. 


EXPERIMENTAL METHODS 
Infrared Radiometry 

A one-half scale corner wall model {1m in length x 1m in width x 1.6m in height) 
with Marinite walls was used for this experiment. A gas burner whose exit surface is 
15cm x 15cm and height 5 cm was placed on the floor near the corner wall. A diagram of 
the apparatus is shown in Fig. 1 (for the details, see (10,13)). The infrared camera was 
located away from the fire source to acquire the Wall, temperature with passing through 
the flame and the Wall, temperature without passing through the flame. This can be 
done by placing the infrared camera close to the Wall, and away from the Wall, 


providing a large ¢ as shown in Fig. 1. Through the infrared camera under this setting, 


two different infrared images can be obtained simultaneously, a nearly normal 
two—dimensional image on the Wall, and a nearly tangential image on the Wally. Then 
both images were transformed into two separate two—dimensional (with ¢ and @ = 90°) 
images. 

A typical fire—heated wall temperature (< 600K) is considerably lower than the 
average flame temperature (1100K — 1200K) determined from the measured (axial and 
radial) temperature profiles for sooty laminar hydrocarbon—air diffusion flames [14,15]. 
At Wall, the infrared camera detects the flame temperature instead of the wall 
temperature. The flame effect consists of band emissions from excited gas molecules and 
continuous emission from soot particles. The band emissions are mostly from CO, and 
H.O, and both have a "window" between 10 and 1llum where they have negligible 
emissions. If a band-pass filter whose band—pass width covers the above wave length 
range were applied with the infrared camera, the effects due to CO. and H,O will be 
eliminated. 

To minimize the flame interference effect due to soot radiation, the effects of flame 
temperature and optical thickness av the emissivity of flame were investigated. 
Exploratory tests on the corner wall fires and the videotaped flame structure data for 
vertically oriented flat wall fires [3,4] proved that the visible yellow flame thickness is no 
more than 5cm over the entire flame length. In addition, the soot particles only exist in 
the thin layer of the high temperature region [14,15], and they are not uniformly 
distributed across the flame thickness normal to the wall surface. Therefore, an effective 
optical thickness will be smaller than the visible flame thickness. Assuming the optical 
depth (L) as the flame thickness (5 cm) and one-half of the flame thickness (2.5 cm), the 
flame emissivity (€) was estimated using Beer's law, ¢ = 1 — exp(—kG@L). Using this 
approach, an average flame emissivity, « = 0.04 for L = 5 cm and e = 0.02 for L = 2.5 cm 


were obtained, where k@ = 0.8m! based on an assumption that the radiative properties 


of wall fires are equal to those of hexane pool fires [16]. 

Next, calculations were made to estimate the relative importance of the effect of 
radiation from the soot particles to that from the fire—heated walls, which will be the 
pyrolyzing walls if the materials are combustible. Employing a pyrolysis temperature of 
600K, for flammable wall materials, plot was made [radiation from the wall]/{radiation 
from the soot particles] as a function of flame emissivity for the average flame 
temperatures 1100K and 1200K (Fig. 2). Figure 2 also contains the effect of four different 
band-pass filters on the above radiation fraction. These results indicate that if the flame 
emissivity, € < 0.03 (for 1100K) and ¢ < 0.02 (for 1200K), the radiation from the soot 
particles will become approximately one order of magnitude less than that from the wall. 
Furthermore, optical depth dependence on wave length leads to low emissivity at long 
wave length [17]. 

As a result, this indicates that the use of infrared imaging system may be possible 
for mapping the transient wall temperatures induced by fires. 

To experimentally check the above arguments, the infrared camera was located to 
facilitate comparison of temperature profiles on Wall, measured through the flame to 
those on Wall, measured without passing through the flame. Four different wave length 
filters (5, 6, 8 and 10.6 um with band pass width + 0.5um) were employed to eliminate 
the effect of the flame; then the results were compared with those from Wall, and the 
wall temperature just after the burner flame was extinguished by a quick cut-off of fuel 
supply. To investigate the effects of band emissions and soot particles, tests were 
conducted using methane—air premixed (blue), propane—air premixed (blue), methane—air 
diffusion (yellow), propane—air diffusion (yellow) flames, and a 10cm diameter hexane 
pool flame (sooty—yellow). .The five different wall materials tested were black painted 
Marinite (non-combustible), white color board (combustible), black card—board 


(combustible), transparent PMMA _ (combustible), and black painted PMMA 


(combustible). 

The orientation of the infrared camera in terms of azimuthal angle, ¢, and zenith 
angl, 9, was calculated using the image of two reference points. The image was recorded 
on video tape, and then digitized. The digitized image was analyzed to obtain the exact 


temperature distribution on the wall. 


Image Processing and Transformation 


The video signal was digitized into 8—bit gray levels and stored for subsequent 
analysis. First, a smoothing operation was performed to remove noise in the image. 
Next, distorted temperature profile images due to inclined projection were corrected to ¢ 
= 9=90° using transformation of coordinates. Finally, contour tracing was performed to 
obtain isothermal lines and deduce 3 dimensional perspective projections. The encoding 
and disk storage time for a 200 x 170 image is 2 seconds. This simple compression scheme 
greatly enhances the system capability to process a long sequence of images. 

A coordinate system (x, y, z) is chosen and the origin 0, of the screen coordinate 
system (£, 7, ¢) is assumed to be fixed on the screen of the infrared camera [18]. Suppose 


that "Q(Qe, ii Q°) on the screen is a projected point of P(P, al Bl Seal on the wall. It 


oi 
can be obtained that: k(P —C ) = RQ — fj), where, k = Q-C/ P-C. Using these 
relationships, the positions on the wall corresponding to any points of the image can be 
calculated. The values of ¢ and @ can be calculated by specifying two points ‘a and "Q, 


corresponding to two known points P, and P,, (for details, see [19]). 


MEASUREMENT OF WALL TEMPERATURE WITH FLAME INTERFERENCE 
The infrared camera was calibrated by focusing on a Marinite wall, which was 
painted in non—luster black and heated to temperatures up to 500K; during the heating 


surface temperature of the Marinite wall was monitored by a 100um diameter 


one 


chromel—alumel thermocouple which was embeded just underneath the Marinite surface. 
In addition, a temperature controlled furnace (emissivity is approximately 1.0) is also 
used to calibrate the infrared camera at temperature up to 1400K. To systematically 
study the flame effect, five different flames (as explained earlier) from a blue methane—air 
premixed flame to a sooty hexane pool flame were used. Then, in order to remove the 
effects of the energy emitted by the flame, four narrow band-pass filters (5, 6, 8 and 
10.6um with a band—pass width + 0.5um) were installed in the infrared camera and the 
wall temperature profiles at Wall, and Wall, were simultaneously measured. 

Figure 3 shows the temperature profiles of Wall, measured through the yellow 
methane—air diffusion flame (left-hand side) and Wall, measured without passing 
through the flame (right—hand side). These results reveal that temperature profiles using 
the 5, 6 and 8um band-pass filters were largely distorted by the flame effect. But that 
obtained with the 10.6um band-pass filter showed hardly any effects from the flame, 
resulting in good agreement with temperature profiles on Wall.. Both temperature 
profiles should agree if the two walls were symmetrically heated by the flame and the 
filters could successfully remove the effect of the flame. The profiles of Wall, (Fig. 3a, 
and c—e), however, were disturbed by the flame; the wall temperature behind the flame 
was not monitored. 

To further demonstrate the filter effects, four different infrared color images are 
shown in Fig. 4. The top two infrared images were obtained using a blue methane—air 
premixed flame; and the bottom two infrared images were obtained using a sooty hexane 
pool flame. The burner heat release rate 18 kW was used for methane flame; and 
approximate flame height for the hexane pool flame was 40 cm. Conditions (a) and (c) 
were obtained after the wall temperature achieved steady state condition. Condition (b) 
was obtained in 1s after the burner was turned off, and (d) was obtained in 4s after the 


pool flame was quenched. The infrared images (a) — (b) and (c) — (d) are in good 


mat has 


agreement, demonstrating that the infrared imaging system can measure the wall 
temperature through the flame, and without the flame interference. 

To calculate the spread rate from the infrared images, the transient wall 
temperature was measured without passing through the flame. Figure 5 shows 
representative results of the transient wall temperature profiles measured every 20 
seconds after the propane—air gas burner with a burner heat flux, 18 kW, was ignited. A 
progress rate of 100°C isotherm for horizontal (X) and vertical (Z) directions was deduced 
and shown in Fig. 5b. 

The result from Fig. 5 demonstrates for the corner wall fires that, if the time 
history of the wall temperature is measured by infrared imaging, then the flame spread 
rate in any direction can be deduced. To further demonstrate this, we designed cardboard 
corner walls, one wall surface is white and the other is black and both have the same 
dimensions (1.2 m long x 0.2 m wide x 0.002 m thick). The corner walls were ignited at 
the bottom and a time series of the wall temperature distributions were obtained using 
the infrared camera with the 10.6um band—pass filter. The spread rate was almost the 
same between the white and black cardboard; and the temperature distributions on the 
cardboard surface were successfully obtained for both cases. Four images obtained at 20 
second intervals are shown at the top in Fig. 6. A high speed video camera was 
simultaneously employed to record flame spread behavior to investigate an alternative use 
for spread rate measurement. The video images resulted in a complex time series of flame 
behavior, from which no accurate spread rate can be measured (video images obtained at 


corresponding time periods to the infrared images are shown at the bottom in Fig. 6). 


SUMMARY AND CONCLUSIONS 
(1) Infrared image analysis is an effective tool for studying phenomena associated with 


building fires. This study provides background information and experimental data to 


support the use of the infrared camera system for instantaneous measurement of two 
dimensional transient wall temperatures. | 

(2) Both fire—heated wall (non spread) experiments and fire spread experiments indicate 
that the infrared image system is very useful for measurement of the pyrolysis—front 
spread rate in any direction and for any. materials. 

(3) To check the effect of emissivity of the materials on the infrared temperature, upward 
flame spread experiments were conducted using white color board, black color board, 
transparent PMMA, and black painted PMMA. These experiments showed that a 
constant emissivity (¢ is nearly 1) can be used to determine the pyrolysis front 
temperature. 

(4) However, prior to apply the infrared imaging system to many fire experiments which 
involves many different materials, further studies are needed to understand the effect of 


emissivity change during pyrolysis and combustion on the infrared temperature. 
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Figure Captions 


Figure 1 
Figure 2 


Figure 3 


Figure 4 


Figure 5 


Figure 6 


(a) Experimental apparatus; (b) Image processing system. 


The ratio of wall radiation to flame radiation as a function of flame 
emissivity with band—pass filters (5.0, 6.0, 8.0 and 10.6 wm with band-pass 
width + 0.5 um) and without filter. (top: wall temperature, T a alii 600K 


and flame temperature, i aaa = 1100K; bottom: Meas = 600K and 
Tearie =11200K3): 


Wall temperature profiles measured using infrared imaging system with and 
without band—pass filter Left side column: results from passing through a 
methane—air diffusion flame; right side column: results without passing 
through the flame. 


Color coded infrared images on a fire-heated wall. Top: a blue 


methane—air premixed flame with 80 W/cm? heat flux is used as fire 
source; and bottom: a 10cm diameter (sooty and yellow) hexane pool flame 
was used as a fire source. The images (a) and (c) are at a steady state 
condition, and were obtained through the flame using the 10.6 pm 
band-pass filter, (b) is at 1s after the burner was turned off, and (d) is at 
4s after the flame was quenched. | 


(a) The horizontal (X) and vertical (Z) locations of a 100 °C isotherm on a 
fire—heated Marinite wall; (b) Progress rate of a 100°C isotherm, V 100° in 
horizontal (X) and vertical (Z) directions as a function of time. 

Color coded infrared images for upward flame spread along vertical (made 


of black cardboard) corner walls. Top: infrared images obtained using a 
infrared camera with a band—pass filter 10.6+0.5um every 20s after 


ignition, and bottom: video camera images obtained at the corresponding 
time periods to the infrared images. 


iE a 


2 


aE 


Fig. 


Tea = 600 (K) Tram = 1100 (K ) 


10.00 R 
J 1.00 
Q 
10.64m 
8.0um 
6.0um 
0.10 $.0um 
Without Filter 
0.01 
0.01 0.10 1.00 
Emissivity © am 
Tyan = 600 (K) The = 1200 ( K ) 
10.00 
4 1.00 
2 
10.64m 
8.0um 
6.0um 
0.10 <Gin 
Without Filter 
0.01 
0.01 0.10 1.00 
Emissivity € name 
Fig. 2 


a2=5KU 
aa ; 


eM 


ee sae 
ce 


| ft fl eS 
Paar eS 
LA 

VLA 
A a \ 


RSS 


ma ae au 


Lo 


Fig. 3 


490 
Temperature ( K ) 


16 


590 


Fig. 4 


350 


ud 
fo) 
fo) 


(a) 


250 


X and Z [mm] 


Time [min] 


(b) 


Vico [mm/min] 


Time {muin] 


Fig. 5 


i] 


(d) 
ee. 
770 


520 
Temperature ( K ) 


395 


270 


(d) 


(c) 


256 


128 
Relative Intensity 


Fig. 6 


18 


First Asian Conference on Fire Science and Technology 
October 9-13, 1992, University of Science and Technology of China 
Hefei, Anhui, P.R. China. 
ACFST-B-19 


FIRE-INDUCED FLOW ALONG THE VERTICAL CORNER WALL 


Cheng Qian ° , Kozo Saito “ 
(Mechanical Engineering Department, University of Kentucky, 
Lexington, Kentucky 40506-0108, U.S.A.) 


ABSTRACT 


Upward flame spread along the vertical corner wall is a severe phenomenon due to its rapid 
spread rate in building fires. We conducted this study to invesugate what kind of flow will 
be developed along the vertical corner wall by fires using a room corner model and placing a 
square gas bummer on the floor. The parameter changed is the location of the burner respect to 
the walls. After a steady state condition was achieved, stream lines were visualized by 
particles illuminated by a laser sheet, and recorded by a 35mm camera. Results revealed that 
the oscilation of the flame, the long-range action of the turbulent plume and the swirl 
produced under some condertions are critical elements for understanding of turbulent 
entraiment and flame spread processes of the room corner fire. 


KEYWARDS: Compartment Fire; Fire Spread; Fire Plume. 


INTRODUCTION 


Turbulent upward flame spread along a vertical wall has been studied intensively in our 
previous work [1]. The upward flame spread along the verncal corner wail, however, is not 
weil understood, in spite of the fact that the phenomenon is an important subject in fire safety 
due to rapid spread rate and high intensity radiant emmission from flame and burning walls. 
This is because of the lack of understanding of turbulent entrainment and turbulent mixing 
processes in comer fires. Experimental data and prediction model are largely limmed to 
axisymmetric flames and plumes in an open environment. Limited information is available 
for flames against a wall or in a corner of two walls. The techniques of flow visualization 
have been used with some notable success in studing the coherent structures of turbulent 
flows in recent years. In the previous study, smoke streak lines were used to visualize flow 
patterns; some vortex characteristics of the fire-induced flow were revealed [2]. In the 
present experiment, instantaneous stream lines were visualized by particle track method that 
can lead to a quantitative visualization by PIV(Particle Image Velocimetry) technique in the 
next step. To understand the transient nature of fire spread, it may be useful and necessary to 
understand the simpler steady state scenario. Thus, in this study, visualization of steady fire- 
induced flow along the corner wail is conducted and characteristics of the flow are discussed. 


EXPERIMENTAL METHOD 


A schematic of the experimental apparatus is shown in Fig.1. The walls are made of Marinite 
boards(noncombusuble/heat insulaung material) with 2cm thickness which are backed up by 
1.5cm thickness particle board for heat insulation and are fixed on a steel frame. Each of the 
two walls is 1.6m in height and 1.0m in width. A square gas burner whose exit dimension is 
0.15x0.15m was placed on a corner of floor. The level of floor was the same as the burner 
exit to eliminate flow disturbances by the burner. Blue propane-air premixed flames were 


used for flow visualization to suppress the emission from soot and to obtain clear 
visualization results. The heat release rate of the burner was changed up to 22.5kW. It was 
found that the heat release rate is a weak parameter to influence fire-induced flow. Hence 
experiments were performed by changing the burner stand-off distances(x,y) as shown in 
Fig.1, and the heat release rate was fixed at 6.0kW. The 50% intermittent flame height that is 
defined as the average of flame tip and continuous flame height is about 0.25m [3]. Ambient 
air was seeded with a few micron magnesium oxide particles. These particles can float in the 
air approximately 5 minutes following the flow faithfully. A 5 watt argon-ion laser was used 
to produce a sheet of laser light that slices through the plume region of the fire vertically and 
horizontally. Tracing particles are illuminatted by the laser sheet and the instantaneous flow 
stream lines were visualized and recorded by a still camera with a shutter speed 1/8 s. The 
location of the laser sheet is determined from the equation of the plane in which the laser 
sheet lies. 


RESULTS AND DISCUSSION 


1.Turbulent Characteristics 

The flow visualization photographs presented in Fig.2 clearly show the complex turbulent 
flow field. As is well known, the transition of laminar flame to turbulent occurs with 
increasing velocity and scale. At the same time, the luminous height of the buoyancy- 
contralled flame begins to oscillate. This oscillation is due to the aerodynamic instability 
caused by the interference between the flame and the surrounding air [3]. These fluctuation 
dominated turbulent entrainment; turbulent mixing processes are shown in side view 
photoghaphs in Fig.2(a), (b), (c) and (f). We found that the air flow already becomes non- 
uniform with the fluctuation in velocity before it enters into the plume, even it is far away 
from the plume. The velocity fluctuation as a function of time is shown in Fig.2(a), (b) and 
(c), and distorted stream lines are shown in Fig.2(c) and (d). Hence the turbulent fluctuations 
generated in the plume area are not only carried away in down stream(by convection) but 
also transferred normal to the stream lines, and not only directly in adjacent layers of fluid(by 
diffusion) but also over a great distance. This phenomenon is so called "long-range action" of 
the turbulence [5]. Note that the turbulence long-range action is not only in the transverse 
direction, but also becomes important in reverse direction in a low speed flow field, like the 
natural convection induced by fires. The long-range action may be attributed to the 
transmission of pressure fluctuation over a distance. 


2.Vortex Characteristics 

Swirl formation is another important feature in the fire-induced flow along vertical corner 
walls. A non-symmetric location of the burner respect to the walls would produce a large 
swirl around the flame which could change the entrainment rate significantly [2,6]. 
Photographs in Fig.2(d), (e) and (g) show the instantaneous stream lines in a horizontal 
section for three different locations of the burner. Some representative flow patterns of the 
induced convection current around the plume are shown in Fig.3. In vertical section the flow 
pattern(Fig.3(a)) is similar to that of the flow field induced by a turbulent jet from a floor [7]. 
When the two edges of the burner are flush with the corner walls, the plume will attach itself 
to the walls. The plume in the comer can be thought of as one quarter of a free plume, four 
times as strong, shown in Fig.3(b). In an idealized situation the entrainment rate of a fire 
plume placed in a corner will only be a quarter of that of the four times stronger plume 
placed far from a wall. When the burner is moved away from the walls, a couple of vortices 
are found at two edge of the burner, see Fig.2(g) and Fig.3(c). When the burner is closer to or 
flush with one wall, one of the vortices bocomes stronger and dominates the induced current 
in the comer(see Fig.3(d)). A side part of the flame is detached from the main body by the 
axial flow of the vortex as shown in Fig.2(e)-(f). But the breakdown of the vortex occurs 
quickly after it was produced. 
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SUMMARY 


The flow visualization experiments resulted in the following conclusions: (1)The oscillation 
of the flame and the long-range action of the turbulent phume phenomena are important in air 
entrainment of comer fires because the constrains of the air entrainment by the presence of 
the walls. (2)A non-symmetry location of the burner respect to the walls likely produces a 
vortex at one edge of the burner. The vortex with a strong axial flow that detach the flame 
may enhance the flame spread rate largely. Hence the oscillation of the flame, the long-range 
action of the turbulent plume and the swirl in the flame are critical elements for 
understanding of turbulent entrainment and turbulent mixing processes in a room comer fire. 
(3)The flow process is novel and warrants further investigation. This work was supported by 
NIST grant #60NANB1D1142. 
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Fig.1 Schematic of the illumination and coordinate 
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Fig.2 Instantaneous stream iines of the fire induced flow 
in Some typical secuons ror taree aitrerent ourmmer stana-vif 
distances, as toliow: 
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Fig.3 Typical flow patterns: (a) vertical section, (b) quarter 
model for a corner piume, (c) and (d) horizontal sections. 
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APPENDIX — A 
Measurements of Temperature Distribution and 


Heat Flux at a Vertical Corner Wall Surface 


The one-half scale room corner model was used for this measurement. A 
propane—air premixed flame was established on a square floor burner whose exit surface 
area is 15 cm x 15 cm to heat the Marinite—made corner walls. After a steady state 
temperature distribution was established on the wall surface, the temperature distribution 
was measured with 100 wm diameter Chromel—Alumel thermocouples as a function of 
burner heat release rate and burner stand—off distance at eighteen different locations as 
shown in Fig. 1. The thermocouples were placed approximately 1 mm below the Marinite 
wall surface by drilling a small holes and fixing the thermocouples by an organic glue. 
The thermocouple beads were then covered by pressing Marinite powder to prevent direct 
exposure of radiation from the flame and convection heat. Thermocouple readings were 
recorded in a computerized data acquisition system which can record the eighteen signals 
less than 100 ws. These thermocouple readings confirmed that the wall temperature 
achieved a steady state temperature distribution within 30 minutes after the burner was 
on. All the measurements reported here were obtained after a steady state temperature 
- distribution was established on the wall. 

Typical temperature measurement results are shown in Figs. 2a through 3e; and 
vertical and horizontal temperature distributions along the wall are plotted respectively 
in Figs. 4 and 5 for the burner heat release rate, 13.5 kW and the burner stand-off 
distances 2.5 and 5 cm. 

Total heat flux was measured using water cooled heat flux Meret at the same 
eighteen locations as the thermocouple measurements after the wall surface temperature 


achieved a steady state condition. The results for twelve different conditions are shown in 
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Figs. 6a through 8d. To check the reproducibility of the data, the measurements were 
repeated three times at three different conditions and twice at the other conditions. The 


reproducibility is higher than 90 %. in each location. 
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Figure Captions 


Measurement location for temperature and heat flux at the vertical corner 
wall surface. Numbers in figure is in centimeter. 


Steady state temperature distribution measured with Chromel—Alumel 
thermocouples. Propane—air premixed flame was established on a square 
floor burner whose exit area 15 x 15 cm. Burner heat release rate, Q (kW) 
= 9; and burner stand-off distance, BSD (cm) = 2.5. For all the 
experiments, the burner was placed in a symmetrical location. 

Q =9kW; and DSD = 5cm. 

Oe (2 okWeeand BSD = 0. 

Ors sky ana bol. 2.0 CM. 

Ora sro Ve ands bo Di= 5'cm: 

Or ook Wand. BSD = 10 cm. 

Q = 13.5 kW; and BSD = 15 cm. 


Vertical temperature distribution along the wall at horizontal distance, 12.5 
cm from the corner with Q = 13.5 kW and BSD = 2.5 and 5 cm. 


Horizontal temperature distribution along the wall at height, 15 cm with Q 
= 13.5 kW and BSD = 2.5 and 5 cm. 


Total heat flux distribution at the vertical corner wall with Q = 9 kW and 
BS 


Q =9 kW; and BSD = 5 cm. 

Q = 9 kW; and BSD = 10 cm. 

Q = 9 kW; and BSD = 15 cm. 

Q = 13.5 kW; and BSD = 0. 

Q = 13.5 kW; and BSD = 5 cm. 
Q = 13.5 kW; and BSD = 10 cm. 
Or 13.5 kW randse Ss bi—115\.cm. 
Q = 18 kW; and BSD = 0. 
O18 kW; and’ Bs) = 5 cm. 
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Fig. 8c 
Fig. 8d 
Fig. 9 


Fig. 10 


Figed 


Q = 18 kW; and BSD = 10 cm. 
Q = 18 kW; and BSD = 15 cm. 


Vertical heat flux distribution along the corner wall at horizontal distance, 
12. 5 cm from the corner with Q = 13.5 kW and BSD = 2.5 and 5 cm. 


Horizontal heat flux distribution along the corner wall at height, 15 cm 
with Q = 13.5 kW and BSD = 2.5 and 5 cm. 


Horizontal heat flux distribution along the corner wall at height, 35 cm 
with Q = 13.5 kW and BSD = 2.5 cm. 
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APPENDIX — B 


Flame Height Measurement 


The history of visible flame shape was recorded in a video camera system using the 
same room corner model as used for the measurements in Appendix A. Visible flame 
height was then obtained by averaging the flame tip height. The frequency of flame 
fluctuation was estimated from the video film to be approximately a few Hz, therefore, 
three second averaging time period was used to obtain the average flame height. The 
flame height measurements were performed changing the burner heat release rate between 
4.5 and 31.5 kW and the burner stand-off distance between 0 and 25 cm. Figure 12 
shows average flame height as a function of burner heat release rate for three different 
burner stand—off distances. Figure 13 shows the average flame height as a function of 


burner stand—off distance for two different burner heat release rates. 
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